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About myself...

Amit Lal:

 Joined DARPA/MTO in October 2005

e Degrees: BSEE-1990: Caltech, Ph.D.-1996: UC
Berkeley

* Professional Background:

— Associate Professor, School of Electrical and
Computer Engineering, Cornell University

— Other Appointments:
* Dept. of Bioengineering
» Dept. of Biological Engineering

* Interests: MEMS, ultrasonics, radioactivity, bio-MEMS,
ultra-low power circuit design
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Problem 1: MEMS for everyone?
Technology to make microscale mechanical parts
Integrated with electronics
Another machining technology, like mill and lathe

Mill and lathe were really exciting when they first
came out - now we take them for granted

DARPA MEMS Exchange is a program for users!
How can we make MX more effective?

http://www.memsnet.org
http://www.mems-exchange.org
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. Ml_cro_machmlng enables a new way of T
thinking about mechanical structures

 Parallel (huge) arrays of machines are D
nossible L

* Machines comparable to size of
niological objects are possible

e Environmental control for high
performance

Multi- physmal systems
,w} FPETP
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**# MEMS Fuel for Microsystems
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at excites me? New

curves in MEMS

Project objectives — How
challenging is the objective?

Technical approach — What's the What's new?
diamond-in-the-rough? Is it d?

Benefits to DOD — Will it be just a ,
novelty? Where could it be used?  What's new?

Benefits to national infrastructure
(academia, defense companies, What's new?

small businesses) -_JN/S_
ew S-curve

N

What's new?

Technology transition to
maturation

Few great people, few
resources needed
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Dw NGIMG: Multiphysics on Chip
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Dw Hybrid-Insect MEMS
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mees Background: Insect

Metamorphosis

Storage of energy over weeks to use later for flight

1st instar 2nd instar 3d instar 4th instar 5th insta

?‘;ftl;_:\i’-"'-.‘. . i " {'(

r

Manduca sexta
Pupa Anatomy

Thorax Abdomen

Antenna Wing
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_ [@9[ Key Experiments in 1940s

DARPA Program :
Use object
Insertion ability into
pupas to reliably
Insert
microsystems

(instead of glass
tube) for insect
control

Sectioned Pupa with pipe inserted for hormone
transport — grows into moth shown above. Insertion of

chemical blocking ball bearing results in no growth
Amit Lal. DARPA-MTO

Normal Pupa halved and
growth  front develops into
15 moth



Ultrasonic
transducers

Platform for sensors,
actuators, and comm
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*Moth body weight
~1-5 grams

Tissue-
anchors

Cross and across
inserts in pupae

Payload ~ 0.5-5
grams
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Length(nm)

Pull-in Voltage, Vo, (V)



2 gelf-Calibrating MEMS

Light source

 p——

- Measure many resonant frequencies —
characterize dimensions and Young’s modulus

 Measure electrode thin film thickness and gap
optically (on chip ellipsometer)

» Stabilize gap, know spring constant
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™2 pOC and Selected MTO MEMS
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e MEMS offers pathways to miniaturized
and chip-scale sensor and actuator
systems and MULTIPHYSICS

e Upcoming MEMS will result In
cost/performance benefits by
integrating functionality

e The future for MEM Systems is bright!
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QUESTIONS?
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